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Experimental Procedures
All reagents and solvents were purchased from Sigma-Aldrich and used as received. 1,2-Bis(4pyridyl)acetylene (ligand 2) and 1,2-bis(4-pyridyl)benzene (ligand 4) were synthesised following previously described Pd 0 -catalysed cross coupling protocols. 1 The sample was activated by solvent exchange via Soxhlet extraction using MeOH followed by heating at 70 °C in vacuo for 12 h for gas sorption measurements.
Powder X-ray Diffraction (PXRD). Qualitative diffraction patterns were collected on a PANalytical
Empyrean™ diffractometer mounted with a PIXcel 3D detector under Bragg-Brentano geometry in continuous scanning mode. An Empyrean Cu LFF (long fine-focus) HR (9430 033 7310x) tube was used at 40 kV and 40 mA and CuKα radiation (λ = 1.540598 Å). Incident beam optics was composed of a 1/8° divergence slit and a 1/4° anti-scatter slit, a 10 mm fixed incident beam mask and a Soller slit (0.04 rad). Divergent beam optics was composed of a P7.5 anti-scatter slit, a Soller slit (0.04 rad), and a Ni-β filter.
Single Crystal X-ray Diffraction (SXRD). X-ray diffraction data for as-synthesised TIFSIX-4-Cu-i was collected on a Bruker D8 Quest Diffractometer equipped with a microfocus Cu source and a Photon detector at 100(2) K under N 2 flow. Data were corrected for absorption using empirical methods (SADABS) based upon symmetry-equivalent reflections combined with measurements at different azimuthal angles. Crystal structures were solved and refined against all F 2 values using the SHELX suite of programs interfaced with X-SEED. 4 All non-hydrogen atoms were refined anisotropically and hydrogen atoms placed in calculated positions refined using idealised geometries (riding model) and
assigned fixed isotropic displacement parameters. Dynamic Mixed Gas Breakthrough Studies. In a typical experiment, ca. 250 mg of finely ground activated sample was placed in a quartz tube (Ø = 8 mm) to form a fixed-bed held in place using quartz wool. Each sample was heated to 60 °C under a dry helium flow to remove atmospheric contaminants. Upon cooling, a C 2 H 2 /C 2 H 4 mixture (1/99, v/v) was passed over the packed bed with a total flow rate of 10 cm 3 /min at 298 K. The outlet gas concentration was continuously monitored using a Hiden HPR-20 QIC evolved gas analysis mass spectrometer (EGA-MS).
Variable Temperature Powder X-ray Diffraction (VT-PXRD
Upon complete breakthrough and saturation of the packed bed adsorbent, the mixed gas inflow is switched off and samples regenerated by purging dry helium followed by heating to 60 °C. TIFSIX-14-Cu-i was regenerated in the absence of heat due to its lower thermal stability. Upon cooling of sample to 298 K, C 2 H 2 /C 2 H 4 mixture (1/99, v/v) was again introduced for the next cycle of breakthrough. Table S1 . Crystallographic data for as-synthesised TIFSIX-4-Cu-i (TIFSIX-4-Cu-i-α). Figure S2e ). The inorganic pillars in TIFSIX-4-Cu-i-β are found to be linear, Figure S2h . Figure S3 shows the statistical distribution of π-π stacking distances between aryl rings for the structures Table S2 . Crystallographic data for synchrotron powder X-ray diffraction refinement of activated TIFSIX-4-Cu-i (TIFSIX-4-Cu-i-β) and laboratory X-ray diffraction refinement of TIFSIX-14-Cu-i. 
Accelerated Stability
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Calculations of Isosteric Enthalpies of Adsorption
A virial-type expression of the above form was used to fit the combined isotherm data for all these four compounds at 273 and 298 K, where P is the pressure described in Pa, N is the adsorbed amount in mmol/g, T is the temperature in K, a i and b i are virial coefficients, and m and n are the number of coefficients used to describe the isotherms. Q st is the coverage-dependent enthalpy of adsorption and R is the universal gas constant. (Figure S21-S26) . 
Calculation of IAST Selectivities
The C 2 H 2 /C 2 H 4 selectivities for the adsorbate mixture composition of interest (1:99) in TIFSIX-2-Cu-i and TIFSIX-4-Cu-i were predicted from the single-component adsorption isotherms using Ideal Adsorbed Solution Theory (IAST), 11 as employed in IAST++. 12 First, the single-component isotherms for the adsorbates at 298 K were fitted to the dual-site Langmuir-Freundlich equation (Table S3 -S6):
In this equation, n is the amount adsorbed per mass of material (in mmol g -1 ), P is the total pressure (in kPa) of the bulk gas at equilibrium with the adsorbed phase, n m1 and n m2 are the saturation uptakes (in in mmol g -1 ) for sites 1 and 2, b 1 and b 2 are the affinity coefficients (in kPa -1 ) for sites 1 and 2, and t 1 and t 2 represent the deviations from the ideal homogeneous surface (unitless) for sites 1 and 2. The parameters that were obtained from the fitting for TIFSIX-2-Cu-i and TIFSIX-4-Cu-i are found in Tables S2-S4, respectively. All isotherms were fitted with R 2 > 0.999. Next, the spreading pressure for adsorbates i and j can be calculated using the following equations:°=°(
In the above equations, A represents the specific surface area (assumed to be the same for all adsorbates), R is the ideal gas constant, T is the temperature, and P°i(π) and P°j(π) are the equilibrium gas phase pressures corresponding to the solution temperature and solution spreading pressure for the adsorption of pure components i and j, respectively. Further, the following equations hold true for a two-component mixture according to IAST:°=
Here, x i and x j are the mole fractions of components i and j, respectively, in the adsorbed phase, and y i and y j are the mole fractions of components i and j, respectively, in the gas phase. The previous seven equations are seven independent equations with nine unknowns. In order to solve for all of the unknowns, two quantities must be specified, particularly P and y i . Utilisation of the aforementioned equations yields the following equilibrium expression for adsorbates i and j:
The above equation was solved for x i using numerical analysis 3 for a range of pressures at a specified y i value. Finally, the selectivity for adsorbate i relative to adsorbate j was calculated using the following:
= 
Molecular Modelling
The point partial charges for the chemically distinct atoms in SIFSIX-2-Cu-i and TIFSIX-2-Cu-i ( Figure  S29) were determined through electronic structure calculations on different representational fragments that were selected from the crystal structure of the respective HUMs as implemented previously. 13, 14 The resulting partial charges for each unique atom in both HUMs are shown in Table  S6 . Figure S29 . The numbering of the chemically distinct atoms in SIFSIX-2-Cu-i and TIFSIX-2-Cu-i as referred to in Table S6 . C = light gray, H = white, N = blue, F = cyan, Si/Ti = dark gray, Cu = gold. Table S6 . Calculated partial charges (in e -) for the chemically distinct atoms in SIFSIX-2-Cu-i and TIFSIX-2-Cu-i. Label of atoms correspond to Figure S29 . The yellow highlight indicates the atom that will have the most interactions with the adsorbate. 
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